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Abstract 
Selecting appropriate fixed seismic shelters for evacuation is key to earthquake engineering in cities. The author establishes an 
evaluation system comprising 3 first-level indices and 9 second-level indices related to influential factors such as risk of hazard, 
location & size and rescue facilities. The indices are generated by use of AHP and entropy methods. Finally, fixed seismic 
shelters for evacuation are selected by applying TOPSIS method, which proves the applicability of this method. 
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1. Introduction 
In the Standard for Urban Planning on Earthquake Resistance and Hazardous Prevention (GB50413-2007), 
seismic shelters for evacuation are divided into three levels based on their sizes and functions: emergency seismic 
shelter for evacuation, fixed seismic shelter for evacuation and central seismic shelter for evacuation [1]. A fixed 
seismic shelter for evacuation is a place where refugees stay for a longer time and receive concentrative assistance. 
In the practices of earthquake evacuation planning, only principles and indicators for emergency seismic shelters for 
evacuation arrangements are suggested instead of requirements for specific sites. Central seismic shelters for 
evacuation are usually located large-sized places fully equipped with facilities. Therefore, the selection of fixed 
seismic shelter for evacuation is the key to earthquake evacuation planning in cities. 
At present, there are some results in researches on seismic shelter for evacuation site selection: Zhou Tianying 
and others [2] attempted to construct a model for optimal selection of seismic shelter for evacuation on the basis of 
P-median model; Zhou Xiaomeng and others[3] introduced factors including distance, capacity, supporting 
facilities, safety, evacuation routes, etc into a network model for optimization; Ye Mingwu and others[4] used fuzzy  
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optimization model, information entropy and synthesized index model to construct an evaluation method on the 
suitability of green-parks as seismic shelter for evacuation in cities; Chen Zhifen and others[5] established a three-
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layer model for emergency shelter site selection which takes refuge effects and costs as targets. However, the above 
researches can not fully meet specific requirements for seismic shelter for evacuation selection and arrangement. In 
selecting seismic shelter for evacuation, considerations must include such factors as safety, size, convenience for 
evacuation and emergency assistance, so as to achieve effective refuge and evacuation results. 
2. Influential Factors on Site Selection 
There are numerous factors influencing the selection of fixed seismic shelter for evacuation. However, to ensure 
the function of refuge and evacuation, considerations must include disaster risk, location & size and rescue facilities. 
2.1. Disaster risk 
The main purpose of the refuge is to reduce or eliminate risks at the time of disaster, to ensure security of 
refugees by minimizing risks. If the shelter itself is threatened by greater potential risks, such a site is of no value in 
practice which does not provide refuge from disaster. Safety is the core issue in planning and constructing seismic 
shelter for evacuation. And disaster risks are influenced by the following factors: 
 The effects of geological hazards. Earthquake, landslide, collapse, debris flow, soil liquefaction and ground 
depression, etc. are major geological hazards at seismic shelter for evacuation [6]. It should be ensured that the 
shelter is not affected by geological hazards. 
 Topographic conditions. If the seismic shelter for evacuation is flooded or attacked by tsunami, the shelter cannot 
serve as a refuge and may possibly result in injuries or death. The lower possibility of attacks by flood or tsunami 
means greater security of the shelter. 
 Distance from source of danger. The safety of the site will be affected by poisonous gases, inflammable, 
explosive or radioactive substances, and high voltage transmission lines, etc. 
2.2. Location & size 
 Location. An seismic shelter for evacuation is designed to received a large number of people, therefore 
geographical location, i.e., the number of people the site serves, should be considered. The nearer the site is to 
populated areas, the faster and more conveniently people can seek refuge. If the population in the area is far 
below the capacity of the site (for instance, when a suburban park is taken as an seismic shelter for evacuation), 
the site will not be fully used [7]. 
 Effective refuge area. The size of the seismic shelter for evacuation is an important aspect of safety evaluation 
and control. The size refers to both the general area and effective refuge area of the site. The effective refuge 
area, i.e., the sum of actual ground area and construction area for refuge, is the key indicator of the scale of the 
seismic shelter for evacuation. The effective refuge area determines the type and service scope of the site. An 
appropriate effective area not only provide refugees with greater space of activities and good anti-epidemic 
conditions, but also facilitates dispersion and management, especially when emergency evacuation is necessary 
due to secondary disasters at the site. 
2.3. Disaster prevention and rescue facilities 
The supporting facilities at the seismic shelter for evacuation are those used to support basic life activities of the 
refugees. 
 Evacuation routes. Evacuation routes are necessary paths for relief workers and refugees to move from damaged 
building to refuge shelters. 
 Distance from medical establishments. Fixed seismic shelter for evacuation should be able to provide medical 
services. Therefore, such a site should be located as near as possible medical establishments. 
 Distance from fire-station. In case of disasters, it is necessary to provide fire protection resources for large 
numbers of refugees concentrated at the site, which helps to strengthen rescue capabilities of the site. 
 Distance from warehouse of material reserve. Warehouse of supplies provide food, camps, clothing, drugs and 
medical equipment, power generators and lighting sources. Disaster relief material reserve warehouses or their 
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sub-warehouses, or warehouses of large shopping centers can serve as such reserve warehouses [6]. A nearby 
warehouse provides stronger material support for the site. 
Table 1. Evaluation index system for selecting fixed seismic shelter for evacuation in cities 
Target First-lever index Second-level index 
Evaluation of fixed seismic shelter 
for evacuation selection 
Disaster risk 
Geological hazard 
Topographic conditions 
Distance from source of danger 
Location & size 
Geographical location of site 
Effective refuge area 
Disaster prevention and rescue 
facilities 
Evacuation routes 
Distance from medical establishments 
Distance from fire stations 
Distance from material reserve 
3. Evaluation Guidelines 
3.1. Geological environment 
The seismic shelter for evacuation should avoid dangerous or adverse locations that are subject to natural 
disasters such as faulted zones, soil liquefaction, ground depression, landslide, debris flow, etc. 
3.2. Topographic conditions 
The sites should be clear of danger of flood (breaking of river or reservoir dykes); they should be located on flat 
and expansive terrains; seismic shelter for evacuation in the northern part of the country should avoid wind gaps and 
be equipped with cold protection facilities; sites in the southern part of the country should avoid marshy lands, 
bottom lands and ponded terrains. 
3.3. Distance from source of danger 
The site should be clear of poisonous gases, inflammable, explosive or radioactive substances, high voltage 
transmission lines, and vulnerable structures, etc. The distance from secondary source of risk should meet national 
standards or requirements concerning major source of risks and fire protection.  
3.4. Effective refuge area 
In calculation of effective area, deducted from it should be water areas, bush, wooded areas where row spacing is 
under 3 meters or net space below branches is under 2.2 meters, non-refuge structures, cultural heritage protection 
area and slopes of over 15o . To ensure full utilization of refuge resources and better service capabilities at the site, 
the effective refuge area of fixed seismic shelter for evacuation should be at least 1hm2. 
3.5. Geographical location 
The geographical location conditions are to be assessed with the ratio of effective area to population in the 
serviced area (per capita effective refuge area). Considering that in earthquake resistance and disaster prevention 
planning in China the average per capita effective refuge area of fixed seismic shelter for evacuation is 
approximately 2-3m2, the per capita effective area for such sites should be within double the above average, i.e., 6m2 
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per person. 
3.6. Evacuation route 
In respect of the width of the evacuation routes, considerations should be taken on the possibility of partial 
blockage of evacuation routes due to collapse of building at sides of the road. It is required that a fixed seismic 
shelter for evacuation be connected to at least two evacuation routes with effective width of not less than 7 meters. 
3.7. Distance from prevention and rescue facilities 
The distance from medical establishments and material reserve warehouses should meet requirements walking as 
basic means of transportation supplemented by motor vehicles, and an appropriate distance should be within 3000 
meters, or one hour walking distance. The refuge site should within the coverage of a fire station. 
Table 2. Evaluation guidelines for selection of fixed seismic shelter for evacuation in cities 
Evaluation indicator Criteria description 
Effects of geological hazards Avoid locations that are subject to natural disasters. 
Topographic conditions Prefer a flat and higher elevation, terrain which is easy for drainage and setting up tents. 
Distance from source of danger Select a place clear of poisonous gases, inflammable, explosive or radioactive substances, and high voltage transmission lines. [1] 
Effective refuge area The effective refuge area should be at least 1hm2. 
Geographic location Average per capita effective refuge area should be not more than 6m2/person. 
Evacuation route To be connected to at least 2 evacuation routes with effective width of not less than 7 meters. 
Distance from medical establishment Should be within 3000 meters from the medical establishment. 
Distance from fire station Should be within the coverage of the fire station. 
Distance from material reserve 
warehouse Should be within 3000 meters from the material reserve warehouse. 
4. Evaluation Method 
TOPSIS method is a technique for order preference by similarity to ideal solution, which sequences solutions 
between ideal ones and negative ideal ones for multi-attribute issues. The ideal solution is the best virtual solution 
for each attribute in the decision making matrix, and the negative ideal solution is the worst. By comparing the 
Euclidean distances of candidate solutions with ideal and negative ideal solutions, the optimal solution is the one 
near the ideal and distant from the negative ideal, and on which basis an order of preference is set. 
4.1. Weight calculation 
The weights of evaluation indicators are calculated through a combination of AHP and entropy approaches where 
objective and subject methods are assigned weight values at the same time to obtain more reasonable weight 
coefficients. 
The synthesis weight for indicator j is: 
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Where, 
j  is the weight of indicator j obtained from the matrix through AHP method, and j  is the weight of 
indicator j obtained through entropy method. 
In calculating weights by entropy method [8], the original decision making matrix is normalized. Benefit 
indicators are calculated as per formula (2) and cost indicators as per formula (3). Then the entropy of the indicators 
is obtained as per formula (5). Finally, the weight
j  is calculated as per formula (6) [9]. 
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4.2. Evaluation method for site selection 
Assume that there are m number of candidate sites and n number of evaluation indicators, the selecting process 
goes as follows: 
Step 1: Normalized matrix is obtained through vector normalization method. 
Assume that  ij{yY , normalized matrix  ij{zZ , then: 
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Step 2: Construct weighted normalized matrix }{ ijxX  . 
ijjij zwx              njmi ,,1;,,1                 (8) 
Step 3: Determine ideal solution *x and negative ideal solution 0x . 
Assume that attribute value j of ideal solution *x  is *jx , attribute value j of negative ideal solution
0x  is 0jx , then: 
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Negative ideal solution 
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Step 4: Calculate distances from ideal and negative ideal solutions respectively. 
Distance from ideal solution 
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Step 5: Overall evaluation of each solution: midd
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Step 6: Place values of iC  in a sequence, a greater values represents a better solution. 
5. Case Study 
Take Hedong district as an example for selecting fixed seismic shelters for evacuation. In this district, there a 3 
second-class and above hospitals and 2 fire stations. Material reserve warehouses are based in grain depots and 
larger supermarkets. Major source of danger include petrol stations, oil depots, natural gas stations and liquefied gas 
stations. There are 9 candidate sites for fixed seismic shelter for evacuation. Raw data of these candidate sites are 
shown in Table 3. 
Table 3.  Raw Data 
Element A B C D E F G H I 
Distance from faulted zone (km) >10 >10 >10 >10 >10 >10 >10 >10 >10 
Average altitude of sites (m) 50.3 49.2 48.1 46.3 47.4 47.4 48.6 50.4 50.8 
Distance from the nearest source of danger (m) 530 1100 1820 280 50 710 1540 330 100 
Effective refuge area (hm2) 7.32 3.65 4.14 2.66 5.33 2.42 2.89 0.67 1.42 
Geographical location(m2/人) 5.69 5.42 3.12 1.74 2.73 2.24 2.32 1.47 1.61 
Number of evacuation routes 2 3 3 2 3 3 4 2 4 
Distance from medical establishment (m) 2400 820 1140 520 30 40 590 1950 1610 
Distance from fire station (m) 390 800 920 3340 3870 2460 1100 800 1180 
Distance from material reserve warehouse (m) 1690 1400 1660 3200 3730 2150 1650 1120 2090 
We use AHP method to determine the weight of evaluation indicators j , and with reference of expert advice we 
use 1-9 and their reciprocal scale to construct a matrix and calculate the weights, and then conduct consistency 
check. The results are: )057.0,007.0,013.0,028.0,064.0,194.0,212.0,425.0( . The results obtained from entropy 
method is:  )099.0,118.0,116.0,167.0,128.0,104.0,15.0,118.0( ; and synthesis weight is  
)046.0,007.0,012.0,038.0,067.0,164.0,258.0,408.0(w .The overall evaluation based on formula (13) is: 
)166.0,21.0,679.0,364.0,293.0,221.0,784.0,548.0,461.0(C . And the above 9 solutions are sequenced in an order 
of preference on the basis of their respective evaluation: C，G，B，A，F，E，D，H，I.  
6. Conclusions 
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The evaluation indicator system for fixed seismic shelter for evacuation in cities includes three first-level indices, 
i.e., risk of hazard, geographical location and size, and rescue facilities. It also include second-level indices such as 
the effects of earthquake and geological hazard, topographical conditions, distance from source of danger, effective 
refuge area, location of site, evacuation routes, and distances from medical establishment, fire station and 
emergency material reserve warehouse. On the basis of the above 9 second-level evaluation indices, the paper 
proposes guidelines based on distance for selecting fixed seismic shelter for evacuation. It uses AHP and entropy to 
determine the distances of candidate sites from ideal and negative ideal solutions. Based on division of space for 
earthquake resistance and disaster prevention, the number of refugees and coverage service, we select preferred 
candidates for fixed seismic shelters for evacuation. 
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